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Abstract 

Background: The anti-inflammatory cytokine interleukin-10 (LL-10) downregulales tile production of metalloproteinase^ (MMPs) and 
upregulales the production of their tissue inhibitors (TIMPs). Tlte aim of this study was to assess the levels of IL-IO in patients with acute 
myocardial infarction (AMI) and unstable angina (U A), as well as to investigate the relationship of circulating 1L-10 with the levels of MMPs 
(MMP-1, -2, -9), their tissue inhibitor (TIMP-1), pro-inflammatory cytokines (1I.-6. tumor necrosis factor (TNF)-ra) and scrum lipids in the 
same patient population. Methods: Serum MMP-I, -2, -9, TJM.P-1, IL-6, TNF-a and lL-Ifi were measured by ELISA assays in 23 patients 
with AMI and 20 patients with UA after their hospital admission, as weil as in 16 healthy controls subjects. The lipid profile was assessed by 
measuring the serum levels of total cholesterol, HDL-cholesterol, LDL-cholcstcrol and triglycerides. Results: AMI patients exhibited 
significantly higher serum levels ofIL-10 ns compared with those of UA patients and healthy controls (both P- 0.005). hi contrast, there was 
no significant difference in 1L-10 levels between UA patients and healthy controls. In AMT patients there was a statistically significant 
positive correlation of serum IL-10 with the levels of MMP-9 (/>=--0.588, P= 0.003), IL-6 (p= 0.502, P=0.ni5) and HDL-cholesterol 
(p— 0-697, P< 0 001), as well as a significant negative correlation with the levels of triglycerides f p — — 0.417, P— 0.048). Conclusions: Our 
results suggest that UA is associated with low scrum activity of IL-10, while a significant elevation of this anti-inflammatory cytokine 
accompanies the peripheral immune responses of AMI. This observation indicates that different patterns of inflammatory reactions are 
implicated in the pathophysiology of two clinical conditions. 

© 2003 Elsevier Ireland Ltd. All rights reserved. 
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1. Introduction 

It is well established that atherosclerosis is a chronic 
inflammatory disease of the arterial wall characterized by 
progressive accumulation of lipids, macrophages, T-lym- 
phoeytes, mast cells, smooth muscle cells and extracellular 
matrix. The inflammatory process is involved throughout 
the different stages of atherosclerosis. The vulnerability of 
an atherosclerotic plaque is related (o the presence of 
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inflammation since it plays a crucial role in disruption of 
the fibrous cap, which is a major pathophysiological event 
for the development of the acute coronary syndromes, such 
as acute myocardial infarction (AMI) and unstable angina 
(UA) j 1 — 3j. The presence of activated inflammatory cell 
snbpopulaiions (T-lymphocytes, mast cells, macrophages) 
within the unstable atherosclerotic plaques in conjunction 
with the increased expression in plasma of various inflam¬ 
matory markers (C-reactive protein, amyloid A, adhesion 
molecules and pro-inflammatory cytokines) indicate a 
strong link between inflammation and atherothrombosis in 
coronary artery disease [4 -10]. 
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There is growing evidence that various pro-inflammatory 
cytokines produced by lymphocytes and macrophages, 
inhibit the collagen synthesis by smooth muscle cells, anti 
enhances the expression of proteases (matrix metalloprotei- 
nases, MMPs) that lead to proteolytic destruction of con¬ 
nective tissue matrix in vulnerable atherosclerotic plaques 
[31-14], The macrophages, smooth muscle cells and mast 
cells also produce tissue inhibitors of metalloproteinases 
(TfMPs), which bind to MMPs and form irreversible high 
affinity complexes, neutralizing and inactivating them and 
so inhibiting collagen degradation [11 — 16j. 

Moreover, pro-inflammatory cytokines reduce the ex¬ 
pression of TJMPs, which can inhibit MMPs and, thus, 
enhance the degradation of collagen in atheromatous fibrous 
cap [15,17,18]. Thus, accumulating data indicate that acti¬ 
vation of pro-inflammatory cytokines may lead to an im¬ 
balance between MMPs and TIMPs in the micro¬ 
environment of the unstable atherosclerotic plaques and into 
circulation of patients with acute coronary syndromes 
[15,17-23], 

During the inflammatory reaction, anti-inflammatory 
cytokines are also produced and tend to modulate the 
inflammatory cellular signaling pathways. Interleukin-10 
(IL-10), secreted by lymphocytes of the Th2 subtype and 
also in large amounts by macrophages, is an anti-inflamma¬ 
tory cytokine with potent deactivating properties on inflam¬ 
matory cell subpopulations associated with atherogenesis. 
IL-10 inhibits many cellular processes that could play an 
important role in plaque progression, rupture or thrombosis, 
including cytokine activation, metalloproteinase production 
[24], and tissue factor expression [25]. On the other hand, 
11,-10 induces the production of TfMP-1, which regulates 
the biological effects of a wide range of MMPs [24], The 
most important property of IT-10, indicating an anti-ihrom- 
botic effect in the setting of unstable atherosclerotic disease, 
is that exposure to IL-10 renders monocytes incapable of 
expressing tissue factor ]25]. Consequently, these data 
suggest that IL-10 may greatly influence local inflammatory 
and thrombotic processes within the atherosclerotic lesion. 

In present study, we sought to investigate the serum 
levels of IL-10 in patients with AMI and LiA at the onset of 
acute coronary syndrome, as well as the relationship of this 
anti-inflammatory cytokine with circulating pro-inflamma¬ 
tory cytokine activity, serum MMPs/TIMP-1 balance and 
serum lipids in the same patient population. 

2. Methods 

2.1. Study population 

This study enrolled 43 patients with acute coronary 
syndromes (23 patients with AMI of mean age 66 ± 12 years, 
and 20 patients with IJA of mean age 70 + 8 years) and 16 
control subjects (of mean age 54+5 years). The normal 
volunteers had no past history or evidence of cardiovascular 


disease, hypertension or diabetes mellitus. The present study 
did not include patients or control subjects with a history of 
neoplastic, hepatic, thyroid, infectious, autoimmune, periph¬ 
eral atherosclerotic disease, any surgical procedure in the 
preceding 6 months or under treatment with anti-inflamma¬ 
tory and/or hypolipidemic drugs. 

Patients with AMI were defined as presence of typical 
prolonged chest pain accompanied by serial changes on the 
standard 12-lead electrocardiogram and significant (twofold 
more than Ihe upper normal range) increase in markers of 
myocardial damage (creatine kinase (CK) or creatine ki¬ 
nase-myocardial band (CK-MB) or Troponine T). 

Patients with UA were defined as anginal pain at rest 
occurring during the preceding 6 h with transient significant 
ischemic ST-segment or T-wave changes or both, without 
significant increases in markers of myocardial damage (CK, 
CK-MB, Troponine T). All patients were admitted to 
hospital within 6 h from the onset of chest pain (mean 
4.2 ± 0.8 h). Depending upon indications, patients under¬ 
went thrombolytic therapy with alteplase or antiplatelel 
therapy with glycoprotein lib/illa receptor antagonists. All 
patients underwent medical treatment with combination of 
standard medications, including nitrates, |i-adrenergic 
blockers, calcium antagonists, low molecular weight heparin 
and antiplatelet dings such as aspirin and/or elopidogrel. 

The demographic characteristics, as well as die preva¬ 
lence of major risk factors and medications among the 
normal control subjects and the two groups of patients are 
shown in Table i. All patients had an established diagnosis 
of coronary artery disease based on coronary angiograms. 

2.2 . Laboratory measurements 

Blood samples were drawn from the peripheral vein 
within I h since admission. The samples were taken slowly 
from an antecubital vein and were transferred to chilled 
disposable tubes containing 2 Na-ethylenediaminetetraaeetic 
acid (1.5 mg/dl). The disposable tubes weTe promptly 
centrifuged at 4 °C\ and aliquots of serum were immediately 
stored at — 70 °C until analyzed. Sandwich enzyme-linked 
inlunoSOrbent assays (ELISA) were performed for measur¬ 
ing concentrations of serum MMP-I and MMP-2, using 
Oncogene Research Products commercial kits with a range 
of detection from 0.11 to 1.8 ng/ml and 1.56 to 50 ng/ml, 
respectively. Sandwich enzyme-linked immunosorbent as¬ 
say (ELISA) was also performed for measuring concentra¬ 
tions of serum MMP-9 (detection range: 169-705 ng/ml) 
and TIMP-J (detection range: 87 -524 ng/ml), using Quail- 
tikine R&D Systems commercially available kits. Addition¬ 
ally, sandwich ELTSA was performed for measuring 
concentrations of serum tumor necrosis factor (TNF)-ct 
(detection range: 16-1640 pg/ml) and 1L-6 (detection 
range: 16-1690 pg/ml), using Biosurce Europe commercial 
kits with monoclonal antibodies against each substance. 
Finally, sandwich ELISA was performed for measuring 
concentrations of IL-10 using a Biosource International 
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Table 1 

Clinical characteristics* risk factors and medications used in the control group, in the acute myocardial infarction (AMI) group and in unstable angina (UA) 
group 



Control group qi = 16) 

AMT group (;i =23) 

UA group Oi “ 20) 

Clinii'.tti characteristics 

Age (years) 

54 ± 5 

66 ± 12 

70 ±8 

Men/women 

8/8 

31/2 

12/S 

Hypertension 

0 

H) 

II 

Diabetes mull itus 

0 

2 

7 

Smoking 

2 

14 

5 

Hypercholesterolemia 
(Total cholesterol >200 mg/dl) 

0 

15 

12 

Family history of CAD 

0 

3 

6 

Medication 

Nitrates 

- 

23 

20 

j.W3 lockers 

- 

16 

12 

Calcium antagonists 

- 

8 

11 

ACC inhibitors 

- 

18 

14 

Aspirin 


22 

18 

ADP noeeptot antagonists 

- 

5 

3 

Heparin/LMWH 

- 

23 

20 

Tib/Ilia receptor anragonisrs 


5 

14 

Thrombolytic therapy 

- 

10 

0 

Stalins 

- 

12 

II 


human 1L-10 ultrasensitive commercial kit. with a range of 
delection from 0.01 to 50 pg/inl. 

Serum total cholesterol and fasting triglycerides (TG) 
were measured by photometry (Cobas Integra Analyzer, 
Roche, Switzerland). The same technique was used to 
measure HDL-choSesterol after precipitation of apo-B con¬ 
tain ing lipoproteins by the use of dextran sulfate and 
magnesium. LDL-cholesterol was calculated by the Fried- 
wald formula (LDL-cholesterol = total cholesterol — (HDL- 
cholesterol + TG/5)) because the TG level was less than 400 
mg/dl in all our patients. 

All other biochemistry measurements were carried out by 
tlie analytical unit of the biochemistry departments of our 
institutions using standard methods. 

2.3. Statistical analysis 

Serum IL-10 levels were expressed as median and 
interquartile ranges as these values were markedly rton- 
normally distributed The Kolmogorov- Smimof test was 
used to examine the normality of the values’ distribution. 
The comparison of IL-10 levels between the control and the 
two patient groups was performed using the iion-paramelric 
Mann-Whitney 17-test. Correlations of serum 1L-10 with 
the other variables were assessed using Spearman’s non- 
parametric correlation coefficient p. A value of/* <0.05 was 
considered statistically significant. 


3. Results 

Serum concentrations of IL-10 in the three studied 
groups are shown in Fig. I. The levels of U.-10 in the 


control group ranged from 0.01 to 2.40 pg/ml with a median 
value of 0.30 pg/ml and an interquartile range from 0.01 to 
1,10 pg/ml, The levels of IL-10 in the AMI group ranged 
from 0.01 to 48 pg/ml with a median value of 1.8 pg/ml and 
an interquartile range from 0.4 to 3.0 pg/ml. The levels of 
IL-1.0 in the UA group ranged from 0.01 (o 10.4 pg/ml with 
a median value of 0.2 pg/ml and an interquartile range from 
0.01 to 0.95 pg/ml. 

We also found that 1L-10 levels were significantly higher 
in the AMI group as compared with the control group 
{P=0,005) (Fig. 1). On the contrary, we did not observe 
significant differences in the IL-10 levels between the UA 



vsConlrpI: p=O.OOS 


vs Control: p=[>J8y 
VS MI: p»0,005 


Fig. I. Comparison of IL-10 scrum levels beLween healthy controls, 
myocardial infarction (Ml) patients and unstable angina (UA) patients 
included in the study. 
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IL 10 levels (pglml) IL-10 levels (pgfml) 


Fig. 2. Graph showing thecorrelation of tirtulaling IL-1U levels with scram Fig. ‘‘ Graph showing the correlation of IL-sO serum levels svtih KDL- 

VfMP-9 values l'n acute myocardial infarction group at the onset of the acute cholesterol values in acute myocardial infarction group at the onset of the 

coronary event. acme coronary event. 


group and the control group {/ ) =0.7S9) (Fig. 1). Finally, we 
observed a significant difference in tire levels of XL-10 
between the AMI group and the UA group, being higher 
in the AMI group {P~ 0.005) (Fig. 1). 

In AMI patients, IL-10 levels were positively correlated 
with MM P-9 values (p = 0.588. _P=0.003) (Fig. 2) and 
circulating II.-6 (p “0.502. P~ 0.01 5) (Fig. 3). In contrast, 
we did not observe any significant correlations between 
serum IL-10 and the values of MMP-l, MMP-2, TEvIP-1 
and TNF-a in the same patient group 

In the AMI group, a positive correlation was also found 
between IL-10 levels and HDL-cholesterol values (p = 0.697, 
P< 0.001) (Fig, 4), as well as a negative correlation between 



If.- ID levels (pg/mll 


Fit:. 3. Graph showing the correlation of [L 10 serum levels with circulating 
fL-C values in scute myocardial infarction group at the onset of the acute 
coronary' t'veiii. 


IL-10 levels and TGL values (P--0.417, P=0.O48). Fur¬ 
thermore, we did not find any significant correlations bet¬ 
ween serum IL-10 and the values of total cholesterol or LDL- 
cholesterol. 

Finally, in the IJA group, no significant correlations were 
found between IL-10 levels and Ibe values of various 
inflammatory markers or serum lipids. 


4. Discussion 

Whereas a large body of evidence exists to support a 
pathophysiological role for pro-inflammatory cytokines in 
atheregenesis and in rupture of atherosclerotic plaques, little 
information is available regarding the potential ‘protective’ 
and ‘counterbalancing’ role of anti-inflammatory cytokines 
in this clinical setting. In this report, we investigated the 
serum activity of major anti-inflammatory cytokine IL-10 in 
patients with acuta coronary syndromes, as well as the 
potential conelations of this anti-inflammatory factor with 
signaling molecules that trigger and promote inflammatory 
processes of unstable coronary artery' disease. 

IL-10 is an anti-inflammatory peptide with a great range 
of anti-atherogenic properties. Some of these properties that 
‘guard’ the vascular wall from atherosclerosis are the 
inhibition of endothelial infiltration by maerophages/mono- 
cytcs, the inhibition of nuclear factor-KB (NF-kB) activa¬ 
tion, which regulates the expression of many pro- 
infiammatory molecules-signals 126,27], (he reduction of 
MMPs production, the inhibition of tissue factor and cyclo- 
oxvgenase-2 expression [2S] and. finally, the inhibition of 
cell death and apoptosis [29,30], 

A senes of in vivo and in vitro studies tn animals showed 
that the overexpression of IL-10 and IL-4 was followed by 
smaller and more stable atherosclerotic lesions [25]. Purt- 
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derski Oslund et al. have found that 1L-10 transgenic mice, 
which express IL-IO 2- to 4-fold, displayed significantly 
less atherosclerotic lesion formation than either wild-type or 
IL-10-deficient mice 13 I j. 

On the other hand, clinical studies have shown the 
release of LL-10 into plasma during human myocardial' 
ischemia reperfusion injury and during cardiopulmonary 
bypass [32,33], Additionally, experimental data indicated 
that IL-10-deficient mice show an enhanced inflammatory 
response following experimental AMI, demonstrated by 
increased neutrophil recruitment, elevated plasma levels of 
TNF-ot and high tissue expression of intercellular adhesion 
molecule-! [34], Koch ct a), have also described six 
different and functionally relevant polymorphisms of the 
genes coding tor IL-IO and TNF-ot, which are neither 
separately nor in cooperation associated with the risk of 
coronary artery 7 disease or AMI in angiographically exam¬ 
ined patients [35], These observations suggest that IL-IO 
may be a potential stabilizing factor of the vulnerable, 
unstable atherosclerotic plaque and have a protective role 
after myocardial ischemia/reperfusion through the suppres¬ 
sion of the acute inflammatory process [24,34,36], 

Our study showed that patients with UA have low serum 
levels of IL-IO (similar with those of control group) indi¬ 
cating that reduced IL-IO activity may contribute to ather¬ 
omatous plaque instability in humans, and may be 
implicated in the pathophysiology of unstable angina. This 
is in keeping with recent clinical data [37] that indicate that 
patients with UA had significantly tower serum concentra¬ 
tions of IL-10 than did patients with chronic stable angina. 
Furthermore, Mazzone ct al. [38], investigating the plasma 
levels of 1L-6, IL-2, IL-IO and phenotypic characterization 
of circulating T-lymphocytes in ischemic heart disease, 
found that there was an increase of plasma IL-6 and 
circulating cytotoxic T-lymphocytes in unstable angina, 
while the plasma activity of IL-IO was low and similar to 
healthy controls in the same patient population. Thus, our 
data analyzing the complexity of the cytokine network in 
unstable angina have confirmed profound disturbances in 
the levels of both inflammatory and anti-inflammatory 
mediators with a marked imbalance favoring inflammatory 
effects. On the basis of the intriguing possibility that some 
aspects of unstable coronary artery disease may be caused 
by inflammatory cell-mediated imbalance in pro-inflamma- 
tory/anti-inflammatory cytokine production, air intensive 
interest may be generated concerning novel therapies to 
modulate this cytokine network, as well as new markers of 
plaque instability such as low 1L-10 activity. 

In contrast, AMI patients exhibited significantly higher 
IL-10 levels when compared either to healthy controls or to 
UA patients. These findings could be the result of the 
intensity and the duration of the inflammatory stimulus 
which characterize the myocardial infarction, as well as 
perhaps being the consequence of the different patterns of 
immunological reactions and pathophysiological processes 
that underlie AMI and UA. Previous studies [32,34] have 


show'll that plasma levels of IL-IO were elevated during the 
course of AMI and closely correlated with the severity of 
hemodynamics and worsening clinical status of patients. 
Inflammatory cells, such as macrophages and lymphocytes, 
infiltrating the ischemic and reperfused myocardium may be 
the predominant source of IL-IO production in AMI and 
may have a significant role in healing by modulating 
mononuclear cell phenotype, by regulating collagenolytic 
activity and by attenuating pro-inflamniatoiy cytokine del¬ 
eterious effects [36], Thus, IL-10 m.RNA and protciii 
upregtiialion was demonstrated in the reperfused infarcted 
myocardium using a canine model of myocardial infarction 
[34j. In this experimental model, IL-10 expression was first 
detected at 5 h after ischemia-induced myocardial injury and 
was parallel with the activity of CD5 positive lymphocytes 
in ischemic cardiac tissue. Furthermore, IL-10 was found to 
have a role in regulation of the angiogenic process in human 
lymphoid malignancies [40] and in a model of ischemia- 
induced angiogenesis in mice hindlimb [41], These studies 
underscore the importance of IL-10 in the healing process 
after AMI. In this context, our findings suggest that the 
overexpression of IL-10 in AMI patients may be a homeo¬ 
static mechanism leading to restriction of the ischemic/ 
necrotic zone after AMI, regulating the post-infarction 
healing and repair processes, and finally targeting to neu¬ 
tralization of acute inflammatory reaction [34,36], 

We also observed a significant correlation between 
circulating IL-IO and serum MMP-0 in AMI patients, 
indicating that myocardial injury is the common stimulus 
acting on inflammatory cell subpopulations infiltrated the 
necrotic/ischemic zone, which in turn produce inflammatory 
and anti-inflammatory mediators regulating the healing 
process. Additionally, given that the acute phase reactant 
protein IL-6 is elevated during the course of AMI [42], and 
the ratio of IL-6/TL-10 has been used as prognostic marker 
of organ damage in conditions with acute inflammatory 
responses [43], the parallel increase of IL-10 with IL-6 in 
AMI may be an adaptive mechanism for the neutralization 
of action of myocardial injury inflammatory mediators and 
for the reduction of deleterious effects of pro-inflammatory 
cytokines on human ischemic myocardium. However, more 
clinical and experimental data will be needed for the better 
understanding of the homeostatic role of anti-inflammatory 
cytokines during AMI and the subsequent repair process. 

Furthermore, our study showed that in AMI patients 
there was a strong positive con-elation between IL-10 and 
HDL-cholesterol, which might be an indication of a com¬ 
mon synergistic anti-atherogenic action of two molecules in 
coronary artery disease. The lipid profile-dependent anti¬ 
atherogenic action of IL-10 has also been demonstrated by 
in vivo experiments that have shown, an IL-10-induced 
inhibition of atherogenic and mitogenic effects of oxidized 
lipids on human aortic endothelial cells, as assessed by 
monocyte binding [31,44], In this context, we also observed 
an inverse correlation between circulating IL-10 and serum 
TGL, an independent risk factor for the development of 
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atherogencsis and lor (he existence of adverse clinical out¬ 
comes in coronary artery disease [45]. The above observa¬ 
tion is in agreement with previous observations indicating 
that an inverse relationship between HDL-cholesterol values 
and TGL levels is an important pathophysiological param¬ 
eter associated with atherosclerotic inflammatory process 
[45], Thus. 1L-J0 is a potent common denominator linking 
the anti-atherogenic properties of high serum HDI.-choles- 
terol and/or low serum TGL with balance of inflammatory/ 
anti-inflammatory substance release in unstable atheroscle¬ 
rotic disease. 

More research is warranted in this field in order to 
elucidate the pathophysiological link of pro-inflammatory/ 
anti-inflammatory cytokine balance with unstable athero¬ 
sclerotic plaques and subsequent acute coronary syndromes. 
Moreover, strategies using exogenous II.-10 administration 
or targeting to increased endogenous JL-10 production may 
reduce the extension and/or severity of atherosclerosis and 
stabilize vulnerable atherosclerotic plaques, and may be 
promising therapeutic approaches in tire management of 
patients with acute coronary syndromes. However, success¬ 
ful application of inti animation-related interventions in the 
treatment of acute coronary syndromes will require a more 
complete understanding of the specific molecular steps 
involved in the regulation of vulnerable plaque rupture 
and subsequent ischemic cardiac injury. 
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